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(54) FLUORINATING AGENT, PROCESS FOR PRODUCING THE SAME, AND USE THEREOF 

(57) The invention disclose a hydrogen fluoride containing composition comprising hydrogen fluoride and a com- 
pound which is liquid in the standard state (25 "0, 1 atmosphere) and has a boiling point of 120 °C or more and pka of 

1 2 or more at 25 "C, and use of the composition for a fluorination agent. 

The compound which can be preferably used is represented by the formula (1): 



Q. 
LU 
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wherein to R"^ are a substituted or unsubstituted alkyi or aryl group and can be the same or different, and or R2 
or R3 and R4 can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero.atom, or and R3 
can bond to fomr) a ring having a nitrogen atom or a nitrogen atom and other hetero atom. 

The fluorination agent of the invention exerts effect with a similar reaction mechanism to hydrogen fluoride, can be 
applied to the halogen exchange reaction of a halogen containing organic compound, and can produce a fluorine con- 
taining compound with safety and ease without specific equipment or technique. 
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Description 

Technical Field 

5 [0001] The present invention relates to a novel hydrogen fluoride containing composition, application of the compo- 
sition to a fluorination agent, and preparation process of a fluorine-containing compound by using the composition. 

Background Art 

10 [0002] Many processes have so far been known on the halogenation reaction of an organic compound. Com- 
pounds which can be used for a halogenation agent include hydrogen halide, phosphorous haiide, sulfur halide and hal- 
ogen simple body. However, these compounds are very corrosive and toxic, and many of these compounds require 
special equipment and technique. Accordingly, the investigation for developing a halogenation agent has been still con- 
tinued in view of handling, safety and reactivity. 

15 [0003] The fluorination agents which have been conventionally used in fluorinating reactions include fluorine, anhy- 
drous hydrogen fluoride and sulfur tetrafluoride. However, these conventional fluorination agents are difficult to handle 
because of toxicity, corrosivity and danger of explosion in reaction and thus special equipment and technique are 
required. It is also a problem that required selectivity of a fluorine bond in the reaction is poor. On the other hand, devel- 
opment of new products utilizing fluorine compounds has been carried out in various fields such as functional materials 

20 and physiologically active substances. Keeping pace with such trend, various fluorination agents are recently in a devel- 
opment stage. 

[0004] Anhydrous hydrogen fluoride (HF) is widely used in a great amount as a basic fluorine source in the fluorine 
chemical industry. However, it is difficult to handle because of a low boiling point (b.p. 1 9.5 **C) and strong toxicity and 
corrosivity. When using hydrogen fluoride, the equipment must have acid proof property and pressure tight structure. 

25 Further, specific technique is required, and thus it Is very difficult to use in industry. 

[0005] in order to solve these problems, a complex of HF and Lewis base has been developed as a fluorination 
agent which is easy to handle and exhibits reaction mechanism similar to hydrogen fluoride (hereinafter referred to as 
HF-like fluorination agent). For example, pyridine-70 wt% (HF)n (Olah agent) has been reported in J. Org. Chem., 44, 
3872 (1979) and triethylamine -3HF has been described in Aldrichimica Acta., 28, 31 (1995). However, these fluorina- 

30 tion agents are difficult to control in the preparation step due to a considerably exothermic reaction. Further, it is difficult 
to use in industry in view of recovery and reuse. 

[0006] HF is an important fluorine source in the fluorine chemical industry. Consequently, the development of an 
improved HF-like fluorination agent is very significant in the area of fluorine chemistry in order to overcome handling 
problems and to make the application simple in broad area, 
35 [0007] The subject of the present invention is to provide hydrogen fluoride, which is a suitable fluorination agent for 
the preparation of a fluorine-containing compound, in the form of a fluorination agent which is easy to handle and can 
be conveniently used. 

Disclosure of the Invention 

40 

[0008] As a result of an intensive investigation in order to solve these subjects, the present inventors have found 
that a hydrogen fluoride containing composition obtained by adding hydrogen fluoride to a compound which Is liquid in 
the standard state (25 °C, 1 atmosphere) and has a boiling point of 120 °C or more, preferably to the compound which 
is liquid in the standard state (25 °C, 1 atmosphere) and has a boiling point of 120 °C or more and pka of 12 or more at 
45 25 °C, the composition is easy to handle and useful as a novel fluorination agent having fluorinating effect similar to 
hydrogen fluoride, and further found that the fluorinating reaction can progress in high safety with ease without requiring 
specific equipment and technique. Thus the present invention has been completed. 

[0009] That is, the aspect of the present invention is a hydrogen fluoride containing composition obtained by adding 
hydrogen fluoride to a compound which is liquid in the standard state (25 °C, 1 atmosphere) and has a boiling point of 
so 1 20 °C or more, preferably to the compound which is liquid in the standard state (25 °C, 1 atmosphere) and has a boiling 
point of 1 20 °C or more and pka of 1 2 or more at 25 ^'C, use of said composition for fluorination agent and a preparation 
process of a fluorine containing compound by using said composition for a fluorination agent. 
[0010] The invention will be more specifically illustrated in items (1) to (7) below. 

55 (1) A hydrogen fluoride containing composition comprising hydrogen fluoride and a compound being liquid in the 

standard state (25 **C, 1 atmosphere) and having a boiling point of 120 °C or more, and a fluorination agent com- 
prising said composition. 

(2) A hydrogen fluoride containing composition comprising hydrogen fluoride and a compound being liquid in the 
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standard state (25 °C, 1 atmosphere) and having a boiling point of 120 °C or more and pka of 12 or more at 25 °C, 
and a fluorination agent comprising said composition. 

(3) A hydrogen fluoride containing composition comprising 7 mo! or more of hydrogen fluoride for 1 mol of a com- 
pound being liquid in the standard state (25 **C, 1 atmosphere) and having a boiling point of 120 ''C or more and 

5 pka of 12 or more at 25 and a fluorination agent comprise said composition. 

(4) A hydrogen fluoride containing composition and a fluorination agent comprising said composition in items (1 ) to 
(3) wherein ® the compound is represented by the formula (1): 



10 



15 




wherein to R4 are a substituted or unsubstituted alkyl or aryl group and can be the same or different, and and 
20 Rg or R3 and R4 can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero atom, or 
and R3 can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero atom, 
(2) the compound is represented by the formula (6): 



25 



30 



(6) 



wherein R7 and Rg are a substituted or unsubstituted alkyl or aryl group, Rq is a hydrogen atom or a substituted or 
unsubstituted alkyl or aryl group, these groups can be the same or different, and R7 and R9 can bond to form cyclic 
35 amide, 

@ the compound is represented by the formula (10): 

Rio-<>~-Rii (10) 

40 wherein R^q and R-^ are a substituted or unsubstituted alkyl or aryl group and can be the same or different, and 
Rio and R^ can bond to form cyclic ether, @ the compound is represented by the formula (12): 



R12 PRi3 (12) 

if 
o 

wherein R^2 ^"^^ R-J3 are a substituted or unsubstituted alkyl or aryl group and can be the same or different, and 
R12 and Ri3 can bond to form cyclic ester or ® the compound has the formula (14): 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



N(CH3), 

j (14) 
(HjQjN ^NCCHj). 

O 



(5) A hydrogen fluoride containing connposition and a fluorlnation agent comprising the composition wherein the 

compound represented by the formula (1) is: 
<§) a compound represented by the formula (2): 

H3C ^CHj 

H3C V CH3 

II 

o 

Q) a compound represented by the formula (3): 



(3) 



wherein a is an integer of 2 or 3, and R5 and Re are a substituted or unsubstituted alkyi group having 1 to 6 carbon 
atoms and can be the same or different, and the compound represented by the formula (3) is a compound havig 
the fomnula (4): 



r 

HsC-iNv^ ^—CHj (4) 




SO or the formula (5): 



55 
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10 



, and further ® the composition wherein the connpound represented by the formula (6) is a compound having the 
formula (7): 



H3C' \; 

II 

o 



the formula (8): 

25 

H3C 

30 HjC 



/\ (8) 



O 

35 or the fonmula (9): 



40 



H3C— ^ 



C 
li 
O 



(9) 



45 

<g) the composition wherein the compound represented by the formula (1 0) is a compound having the formula (11): 

(CH30CH2CH2)20 (11) 

50 or 

® the composition wherein the compound represented by the formula (12) is a compound having the formula (13): 



55 
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H3C pCH-,CH2CH-,CH3 

V ' ' ^ ' 

If 

o 



(13) 



[0011] As illustrated above, the invention is each composition above and the use of the composition for a fluohna- 
tion agent. 

(6) A preparation process comprising reacting the fluorination agent with a compound represented by the formula (15): 

15 

Ri4[C(Xi)3]^ (15) 

wherein R 14 is a substituted or unsubstituted all<yl, alkoxy, aryl or aryloxy group, is a hydrogen, fluorine, chlorine, bro- 
mine or iodine atom and can be the same or different except three are simultaneously hydrogen or fluorine atoms 
20 and three consist of hydrogen and fluorine atoms alone, and m is an integer of 1 to 6, to obtain a fluorine compound 
represented by the formula (1 6): 

Rl4[CFn(X2)3.n]m (16) 

25 wherein R14 is a substituted or unsubstituted alkyi, alkoxy, aryl or aryloxy group, Xg is a hydrogen, chlorine, bromine or 
iodine atom and can be the same or different, and n is an integer of 1 to 3 and m is an integer of 1 to 6. 

(7) A preparation process comprising reacting, as a compound represented by the formula (16), a heterocyclic aromatic 
compound represented by the formula (17): 

30 Rl5[C(X03]m (17) 

wherein R-15 is a substituted or unsubstituted heterocyclic aromatic group, and X^ is a hydrogen, fluorine, chlorine, bro- 
mine or iodine atom and can be the same or different except three X^ are simultaneously hydrogen or fluorine atoms 
and three X^ consist of hydrogen and fluorine atoms alone, and m is an Integer of 1 to 9, to obtain a fluorine containing 
35 heterocyclic aromatic compound represented by the formula (1 8): 

Rl5[CFn(X2)3.n]m (18) 

wherein R^g is a substituted or unsubstituted heterocyclic aromatic group, and X2 is a hydrogen, chlorine, fluorine, bro- 
40 mine or Iodine atom and can be the same or different, and n is an integer of 1 to 3 and m is an integer of 1 to 9. 

[0012] In the preparation process, ® the heterocyclic aromatic compound represented by the formula (17) is cyclic 
compound having 1 to 4 elements of one or more species selected from the group consisting of nitrogen, oxygen and 
sulfur, for example, a heterocyclic aromatic compound having a ring selected from furan, thiophene, pyrrole, pyra2ol, 
imidazole, isoxazote, thioazole, thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine, triazine, benzofuran, indole, thi- 
45 anaphthane, benzimidazole, benzoxazole, benzothiazole, benzotriazol, purine, quinoline, isoquinoline, cinnoline, qui- 
noxaline, dibenzothiophene, acridine, and phenanthroline. 

[0013] Further, ® the heterocyclic aromatic compound represented by the formula (17) is a compound repre- 
sented by the formula (19): 

50 



55 
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wherein R^g is a hydrogen atom or alkyi group having 1 to 4 carbon atoms, in particular, 4-chloro-3,5-bis(trichlorome- 
thyl)pyrazoIe having the formula (20): 



15 



a 



CljC 




cci, 



(20) 



V 



H 



25 



or, @ the heterocyclic aromatic compound is a compound represented by the formula (21): 



30 



35 



(21) 



wherein R^y and R^a are a hydrogen, chlorine or fluorine atom, a hydroxy, alkyI having 1 to 4 carbon atoms, alkoxy, aryl 
or aryloxy group and can be the same or different, in particular, 2,4-dichloro-5-trichloromethylpyridine having the for- 
40 mula (22): 



45 




50 

[0014] And further, @ the heterocyclic aromatic compound is a compound represented by the formula (23): 



55 
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CI3C, 




'OR20 



5 



(23) 



10 



wherein R^g and Rgo are a hydrogen atom or an alkyl group having 1 to 4 carbon atoms and can be the same or differ- 
ent, and particularly is ethyl 1 -methyl-3-tr]chloromethylpyrazole-4-carboxylate having the formula (24): 



[0015] The hydrogen fluoride containing composition of the Invention can be used for a fluorination agent having a 
reaction mechanism similar to hydrogen fluoride. 

[0016] Further, the composition agent can be used not only for a fluorination agent, but also for an acid catalyst. 
30 When using for a fluorination agent, the composition preferably contains 7 mole or more hydrogen fluoride for 1 mole of 
the above compound. 

[0017] The fluorination agent can be recovered and reused with ease after finishing the reaction and thus provides 
increased economy. 

35 Best Mode for Carrying out the Invention 

[001 8] The hydrogen fluoride containing composition of the invention is a composition comprising hydrogen fluoride 
and a below described compound. 

[0019] That is, the compound Is (a) liquid in the standard state (25 °C, 1 atmosphere) and is required to have (b) a 
40 boiling point of 120 or more. More preferably the compound is liquid in the standard state (25 °C, 1 atmosphere), 
has a boiling point of 1 20°C or more, and additionally has (c) pka of 12 or more at 25 ^'C. 
[0020] Hydrogen fluoride which can be used is an anhydrous grade. 

[0021] In the hydrogen fluoride containing composition of the invention, (I) the above compound and hydrogen flu- 
oride can form salt or complex, (ii) Hydrogen fluoride can coordinate to a free electron pair in the compound molecule. 
45 (iii) Hydrogen fluoride each other can form straight or branched hydrogen bonding with partial inclusion of the com- 
pound molecule. Or (iv) Hydrogen fluoride can dissolve in the compound to form a simple mixture. 
[0022] The hydrogen fluoride containing composition of the invention includes any state wherein the compound 
molecule in the composition has the above mutual action with hydrogen fluoride. 

[0023] The properties of the compound which consist the hydrogen fluoride containing composition in the Invention, 
50 that is, liquid sate in the standard state (25 °C. 1 atmosphere), boiling point of 120 °C or more and preferably pka of 12 
or more at 25 °C, are specified in view of reaction temperature and reactivity when used for a fluorination agent. 
[0024] The compounds constituting the hydrogen fluoride containing composition include various compounds hav- 
ing the above specified properties, preferably compounds selected from the group consisting of those represented by 
the formulas (1), (6), (10) and (12) and the fomiula (14) below. 
55 [0025] A compound represented by the formula (1 ): 



15 




20 




25 



9 
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40 



45 



(1) 

K Y 
o 

10 wherein R-) to R4 are a substituted or unsubstituted alkyi or aryl group and can be the same or different, R-) and R2 or 
R3 and R4 can bond to form a ring having a nitrogen atom or a nitrogen atom and other heterp atom, and Ri and R3 
can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero atom. 
[0026] A compound represented by the formula (6): 

wherein Ry and are a substituted or unsubstituted alky) or aryl group, Rg is hydrogen atom, or a substituted or unsub- 
stituted alkyI or aryl group , and Ry, Rs and Rg can be the same or different, and Ry and Rg can bond to form cyclic 
25 amide. 

[0027] A compound represented by the formula (1 0): 

Rio^-Rii 00) 

30 wherein R^q and R^ are a substituted or unsubstituted ail<yl or aryl group and can be the same or different, and R^o 
and Rii can bond to form a cyclic ether. 
[0028] A compound represented by the formula (1 2): 



Ri2 PRu (12) 

\: 
II 
o 

wherein R12 and R-13 are a substituted or unsubstituted alkyi or aryl group and can be the same or different, and 
and R^3 can bond to form a cyclic ester 
[0029] A compo 



N{CH3), 

I (14) 
(HaOiN — ^N(CH3)2 

O 



55 und having the fomnula (14): 

[0030] Each compound will be illustrated herein after. 
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(i) In the compound represented by the formula (1), to R4 are a substituted or unsubstituted alkyi or aryl group, 
preferably alkyI or aryl group having 1 to 6 carbon atonns and can be the same or different, and the alkyI group hav- 
ing can be straight or branched. 

[0031] The alkyI and aryl groups include, for example, a methyl, ethyl, n-propyl, isopropyt, n-butyl, isobutyl, t-butyl, 
n-pentyl, n-hexyl, cyclohexyl and phenyl group. 

[0032] Further, and R2 or R3 and R4 can respectively bond to form a heterocyclic ring having a nitrogen atom 
and 3 to 5 carbon atoms, which includes, for example, a pyn-olidine ring and piperidine ring. 

[0033] Moreover. and R3 can bond to form a heterocyclic, 5 or 6 membered ring having two nitrogen atoms as 
represented by the formula (3): 



(;CHj)a 

A 



[0034] Such a ring includes, for example, an imidazolidinone ring and pyrimidinone ring. 

[0035] Specific compounds which can be represented by the formula (1) and formula (3) Include, for example, 
1,1,3,3-tetramethylurea, 1,3 -dimethyl-2-imida2olidinone, 1 ,3-diethylimida2olidinone, 1 ,3-di(n-propyl)-2-imidazolidi- 
none, l,3-di(n-butyl)-2-imidazondinone, N»N'-dimethylpropyleneurea, N,N'-d]ethylpropyleneurea, N,N*-di(n-propyl)pro- 
pyleneurea and N,N'-di(n-butyl)propyleneurea. 

[0036] The compounds represented by the formula (1) is preferably 1,1,3.3-tetramethylurea having the formula (2) 




[0037] In the compounds represented by the formula (3): 



O 

R5 and Rq are a substituted or unsubstituted alkyl group having 1 to 6 carbon atoms and can be the same or different, 
and include, for example, a methyl, ethyl, n-propyl, isopropyl, n-butyl. isobutyl, t-butyl. n-pentyt. n-hexyl and cyclohexyl 

gnDup. 

[0038] The compound represented by the formula (3) is preferably 1 ,3-dimethyl-2-imida2olidinone having the for- 
mula (4): 



' 1072576A1_L> 
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10 



20 



25 



30 



c 

l( 

o 



or N,N'-dimethylpropyleneurea having the formula (5): 



HjC-N^^ ^-CHi (4) 



n 



H3C— N^^N-CHj 



(5) 



II 
O 



[0039] ParticularV preferred compound represented by the formula (1) is 1 .3-dimethyl-2-imida2lidinone. 
(ii) In the compounds represented by the fbrnuila (6): 



R7 and Rs are a substituted or unsubstituted alkyi or aryl group, Rg is a hydrogen atom or a substituted alkyi or aryl 
35 group, and R7, Rg and Rg can be the same or different. The alkyi or aryl group includes, for example, a methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, n-hexyl, cyclohexyl and phenyl group. R7 and Rg can 
bond to fomn cyclic amide. 

[0040] The preferred compounds which are represented by the formula (6) include, for example, N,N-dimethylfor- 
40 mamide having the formula (7): 

/H (7) 

ii 

o 

so , N,N-diethylformamide, N,N-dlmethylacetoamlde having the formula (8): ' 



55 



12 
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H3C 

CH, (8) 

II 

O 



10 

and 1 -methyl-2-pyrrolidone having the formula(9): 



t5 



i 

20 



H3C- 



ii 

o 



(9) 



(iii) In the compound represented by the formula (10): 

R10--O— R11 (10) 

Rio snd R-i 1 are a substituted or unsubstituted alkyi, alkoxyalkyi or aryl group and can be the same or different. R^q 
and include, for example, an alky I group having more than 4 carbon atoms or phenyl group, and can bond to 
form cyclic ether having 1 to 3 oxygen atoms. 



30 



[0041] Specific compounds represented by the fonnnula (10) include n-butyl ether, n-hexyl ether, anisole, phenetoie, 
butyl phenyl ether, amy! phenyl ether, methoxytoluene, benzyl ethyl ether, diphenyl ether, dibenzyl ether, 1,2-diethox- 
yethane, 1 ,2-dibutoxyethane, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, and diethylene glycol dib- 
utyl ether, preferably, diethylene glycol dimethyl ether having the formula (11): 

35 

(CH30CH2CH2)20 (11) 
(iv) In the compound represented by the fonmula (12): 

40 

Riz PR13 (12) 

\r 
if 

45 o 

R12 and are a substituted or unsubstituted alkyI or aryl group and can be the same or different. Representative 
alkyI or aryl groups include, tor examples, a methyl, ethyl, n-propyi, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl, n- 
50 hexyl, cyclohexyl, and phenyl group. 



[0042] R12 and R13 can bond to form cyclic ester. 

[0043] Specific compounds represented by the formula (12) include n-butyl acetate, n-pentyl acetate, isopentyl 
acetate, cyclohexyl acetate, benzyl acetate, butyl propionate, isopentyl propionate, methyl benzoate, dimethyl phtha- 
55 late, and y -butyrolactone, preferably n-butyl acetate having the formula (13): 
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H^C^ ^OCHaCHjCHjCHa (13) 

C 
If 

o 



w 

(v) The compound having the formula (14) is hexamethylphosphoramide. 

[0044] As to the hydrogen fluoride containing composition of the invention, hydrogen fluoride is preferably in such 
15 an amount that the composition does not release hydrogen fluoride out of the system in the standard state (25 ^'C, 1 
atmosphere). The amount of hydrogen fluoride depends upon species, property and temperature of the compound 
which constitutes the hydrogen fluoride containing composition. The molar of hydrogen fluoride per mole of the com- 
pound which constitutes the hydrogen fluoride containing composition is generally 2 to 25 moles, preferably 7 to 20 
moles, more preferably 10 to 18 moles. 
20 [0045] When the compound constituting the hydrogen fluoride containing composition forms salt or complex with 
hydrogen fluoride, it is liable to form a mixture of salt or complex which differs in the coordination number, for example, 
1 HF salt or 2 HF salt of the compound. The term "the molar number of hydrogen fluoride per mole of the hydrogen flu- 
oride containing composition" is refen-ed to as the value obtained by dividing the molar number of the total hydrogen 
fluoride with the molar number of the compound . and is defined to indicate the average molar number of hydrogen flu- 
25 oride for 1 mole of the compound which constitutes the hydrogen fluoride containing composition. 

[0046] The hydrogen fluoride containing composition can be prepared by adding anhydrous hydrogen fluoride to 
the compound for constituting the hydrogen fluoride containing composition. 

[0047] Anhydrous hydrogen fluoride can be added in the liquid state or can be blown through the compound in the 
gaseous state. 

30 [0048] Anhydrous hydrogen fluoride is added at temperature of —20 to 20 °C, preferably — 1 0 to 1 0 °C, more pref- 
erably, 0 to 5 '^C. 

[0049] Anhydrous hydrogen fluoride can be added at velocity which inhibits short pass of anhydrous hydrogen flu- 
oride and does not accompany violent exotherm. For example, when the amount of anhydrous hydrogen fluoride to be 
added is approximately 1 00 g for 50 g of the compound, the addition velocity is usually 1 .5 to 3.0 g/min,, preferably 2,0 
35 to 2,5 g/min. However, at the initiation time of anhydrous hydrogen fluoride addition, exotherm becomes great and thus 
slow down of the addition velocity Is sometimes required. 

[0050] The hydrogen fluoride containing composition of the invention is stin-ed at desired temperature after blowing 
anhydrous hydrogen fluoride, excessive hydrogen fluoride is released out of the reaction system to bring hydrogen flu- 
oride content into equibllium state, and thus hydrogen content can be controlled to a desired level. 
40 [0051] The hydrogen fluoride containing composition of the invention can be stored preferably in a hydrogen fluo- 
ride resistant container, more preferably, in a hydrogen fluoride resistant pressure vessel, and can be used for a fluori- 
nation agent or catalyst of various reactions. 

[0052] The present invention uses the above hydrogen fluoride containing composition for a fluorination agent. 
[0053] The fluorination agent of the invention respectively corresponds to the above hydrogen fluoride containing 
45 composition, that is, for example: 

(1) A fluorination agent comprising hydrogen fluoride and a compound which is liquid in the standard state(25 °C, 
1 atmosphere) and has a boiling point of 120 ''C or more. 

(2) A fluorination agent comprising hydrogen fluoride and a compound which is liquid in the standard state (25 **C, 
50 1 atmosphere) and has a boiling point of 120 °C or more and pka of 12 or more at 25 °C. 

(3 A fluorination agent comprising hydrogen fluoride and a compound which is liquid in the standard state (25 °C, 
1 atmosphere) and has a boiling point of 120 or more and pka of 12 or more at 25 °C. and having a hydrogen 
fluoride molar number of 7 or more for 1 mole of the compound. 

55 [0054] Similarly, the hydrogen fluoride containing composition having other embodiment of the invention is respec- 
tively deflned as a fluorination agent 

[0055] In the invention, on the basis of the molar ratio of hydrogen fluoride to the compound which constitutes the 
hydrogen fluoride containing composition, the fluorination agent is indicated, for example, by DMI • nHF when the com- 
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pound is 1,3-dimethylimidazolidinone (DMi). 

[0056] The fluorlnation agent of the invention can be applied not only to the reaction wherein hydrogen fluoride is 
effective as a fluorination agent, but to other various fluorinating reactions, and is useful for fluorinatlon of a fluoro- 
organic compound, particularly for a fluorination agent in the fluorinating reaction illustrated below. 
5 [0057] The reaction is a preparation process of a fluorine containing compound by way of a halogen exchange 
reaction using the halogenation agent of the invention, that is, a halogen exchange reaction of a halogen containing 
aliphatic, aromatic or heterocyclic aromatic compound. 
[0058] That is, a halogenide represented by the formula (1 5): 

Ri4[C(Xi)3]ni (15) 

wherein R14 is a substituted or unsubstituted alkyi, alkoxy, aryl oraryloxy group, and is a hydrogen, fluorine, chlorine, 
bromine or iodine atom and can be the same or different except three X-, are simultaneously hydrogen or fluorine atoms 
and three consist of hydrogen and fluorine atoms alone, and m is an integer of 1 to 6, is reacted with the hydrogen- 
15 ation agent of the invention to prepare a fluorine compound represented by the formula (1 6): 

Rl4[CFn(X2)3.n]m (16) 

wherein R-,4 is a substituted or unsubstituted alkyI, alkoxy, aryl or aryloxy group, and Xg is a hydrogen, chlorine, bromine 
20 or iodine atom and can be the same or different, and n is an integer of 1 to 3 and m is an integer of 1 to 6. 

[0059] Representative compounds represented by the fonr^ula (15) includes, for example, 1,1,1 .S-tetrachloro-S- 
methylbutane, benzyl chloride, benzoyl chloride, benzotrichloride, (chlorodifluoromethyl)benzene, (dichlorofluorome- 
thyl)benzene, 2-chlorobenzotrichlortde, 4-chlorobenzotrichloride, dichlorobenzotrtchloride, 2-fluorobenzotrichloride, 2- 
nitrobenzotrichloride, 3-nitrobenzotrichloride, 4-nitrobenzotrichloride, (trichloromethyl)benzene, 1 ,3-bis(trichlorome- 
25 thyl)benzene and 1 ,4-bis(trichloromethyl)benzene. However, these compounds do not limit the scope of the invention. 
[0060] These compounds represented by the formula (1 5) can be respectively converted to the corresponding flu- 
orine compounds represented by the formula (16). 

[0061] A halogenated heterocyclic aromatic compounds represented by the formula (1 7): 

^ Ri5[C(Xi)3]^ (17) 

wherein R^g is a substituted or unsubstituted heterocyclic aromatic group, and X^ is a hydrogen, fluorine, chlorine, bro- 
mine or iodine atom and can be the same or different except three X^ are simultaneously a hydrogen or fluorine atom 
and three X-, consist of a hydrogen or fluorine atom alone, and m is an integer of 1 to 9, reacts with the fluorination agent 
35 of the invention to prepare a fluorine containing heterocyclic aromatic compound represented by the formula (1 8): 



Rl5[CFn(X2)3.n]m (18) 

wherein R-,5 is a substituted or unsubstituted heterocyclic aromatic group, and Xg is a hydrogen, chlorine, chlorine, bro- 
mine or iodine atom and can be the same or different, and n is an integer 1 to 3 and m is an integer of 1 to 9. 
[0062] The term "heterocyclic aromatic compound" in the invention is referred to as a heterocyclic compound hav- 
ing 1 to 4 atoms of one or more species of element selected from the group consisting of nitrogen, oxygen and sulfur. 
[0063] In the formulas (1 7) and (1 8), m is an integer of 1 to 9 and is the number of trihalomethyl group located as a 
side chain. 

[0064] The number of configuration is restricted due to the structure of a common heterocyclic compound and thus 
the upper limit is appropriately 9. 

[0065] Generally, the velocity of a halogen exphange reaction is liable to reduce with increase in the number of m. 
[0066] The heterocyclic aromatic compounds represented by the formula (1 7) preferably have a ring selected from 
furan, thiophene, pyrrole, pyrazole, imidazole, isoxazole, thiazole.thiodiazole, pyridine, pyridazine, pyrimidine, pyrazine, 
triazine, benzopfuran. indole, thionaphthene, benzimidazole, benzoxazole, benzothiazole, benzotriazole, purine, quino- 
line. isoquinoline, cinnoline, quinoxaline. dibenzothlophene. acridine and phenanthroline. 

[0067] The compounds represented by the formula (1 7) will be exemplified below. However, these compounds are 
not to be construed to limit the scope of the invention. 
[0068] Exemplary compounds are as follows. 

[0069] Oxygen containing heterocyclic aromatic compounds include 3-trichloromethylf uran, 3-tribromomethylfuran. 
2,3-bis(trichloromethyl)benzofuran and 2,3-bis(trlbromomethyl)benzofuran. 

[0070] Sulfur containing heterocyclic aromatic compounds include 2-trichloromethylthiophene, 3-trichloromethylth- 
iophene, 2,3-bis(trichloromethyl)thiophene, 2,5-bis(trichloromethyl)thiophene, 3,4-bis(trichloromethyl)thiophene, 2-tri- 



15 

BNSDOCID: <EP 1072576A1J_> 



EP 1 072 576 A1 



bromomethylthiophene, 3-triboromomethylthiophene. 2,3-bis(tribromomethyl)thiophene, 2.5- 

bis(trjbromomethyl)thiophene, 3,4-bis(tribromomethyl)thiophene. 2-trichloromethylthionaphthene. 2-trichloromethylth- 
ionaphthene, 4.6-bis(trichloromethyl)dibenzothiophene and 4,6-bis(tribromomethyl)dibenzothiophene. 
[0071] Nitrogen containing heterocyclic aromatic compounds include 2-trichlorometliylpyrrole, 2-tribromomethyl- 
pyrrole, 4-chloro-3-trichloromethylpyrazole, 4-chioro-3,5-bis(trichloromethyl)pyrazole. 4-chloro-3-tribromomethylpyra- 
zoie, 4-chloro-3,5-bis(tribromomethyl)pyrazole, 1 -metfiyl-3-trichloromethylpyrazole-4-carboxylate. 1 ,2- 
bis(trichloromethyl)imjda2ole, 1 ,3-bis(trichloromethyl)imidazole, 1 ,5-bis(trichloromethyl)imidazole, 2,5-bis(tr'ichlorome- 
thyOimidazole, 4,5-bis(trichloromethyl)imidazole. 1 ,2,5-tris(trichloromethyl)imidazole, 2,3,4-tris(trichloromethyl)imida- 
zole, 1 ,2-bis(tnbromomethyl)imida2ole, 1 ,3-bis(tribromomethyl)imidazole, 1 .5-bls(tribromomethyl)imidazole, 2,5- 
bis(tribromomethyl)imidazole. 4,5-bis(tribromomethyl)imidazole, 1 ,2,5-tris(tribromomethyl)imida20le. 2,3,4-tris(tribro- 
momethyOimidazole, 2-trichlorom ethyl pyridine, 3-trichloromethylpyridine, 4-trichioromethylpyridine. 2,3-2,5-bls(trichlo- 
romethyl)pyridine, 2,6-bis (triGhloromethyl)pyridine, 3.5-bis(trichloromethyl)pyridine, 2-tribromomethylpyrldine, 3- 
tribromomethylpyridine, 4-tribromomethylpyridine, 2,3-2,5-bis(tribromomethy I) pyridine, 2,6-bis(tribromomethy I) pyrid- 
ine, 3,5-bis(tribromomethyl)pyrid]ne, 3-trichloromethylpyridazine, 3-tribromomethylpyridazine, 4-trich lorom ethyl pyri- 
dazine, 4-tribromomethylpyridazine, 2.4-bis(trichloromethyl)pyrimidine, 2,6-bls{trichloromethyl)pyrimidine, 2,4- 
bie(tribromomethyl)pyrimidine, 2,6-bis(tribromomethyl)pyrimidine, 2,4-dichloro-5-trichloromethylpyrimidine, 2-trichio- 
romethylpyrazine, 2-tribromomethylpyrazine. 1 ,3,5-trisbis(trichloromethyl)triazine, 1 ,3,6-trisbis(tribromomethyl)triazine, 
4-trichloromethylindole, 5-trichloromethylindo!e, 4-tribromomethylindole, 5-tribromomethylindole. 2-trichloromethylben- 
zimidazole, 2-tribromomethylbenzimidazole, 5-trichloromethyf-1 H-benzotriazoIe, 5-tribromomethyM H-benzotriazoIe, 
6-trichIoromethyIpurine, 6-tribromomethylpurine, 3-trichloromethylquinoline, 4-trichloromethylquinoIine, 3-tribromethyl- 
quinoline, 4-tribromomethylquinoline, 3-trichloromethylisoquinoline, 3-tribromomethylisoqumoline. 4-trichloromethylcin- 
noline, 4-tribromomethylcinnoline, 2-trichloromethylquinoxaline, 2-tribromomethylquinoxa!ine, 5- 
trichloromethylquinoxaline. 5-tribromomethylquinoxalie, 9-trich lorom ethylacridine, 9-tribromomethylacridine, 4-trichlo- 
romethyl-ljo-phenanthroline. 4-tribromomethyl-1,10-phenanthroline, 5-trichloromethyl-1,10-phenanthroline! and 5-tri- 
bromomethyl-1 , 1 0-phenanthroline. 

[0072] Oxygen and nitrogen containing heterocyclic aromatic compounds include 3,5-bis(trichloromethyl)isoxazole, 
3,5-bis(tribromomethyl)isoxazole, 2-trichloiiomethylben2oxa2ole, and 2-tribromomethylbenzoxazole. 
[0073] Sulfur and nitrogen containing heterocyclic aromatic compounds include 4,5-bis{trichloromethyl)thiazole, 
4,5-bis(tribromomethyl)thiazole, 5-trichloromethylthiodiazole, 5-tribromomethylthiodiazole, 2-trichloromethylbenzothia- 
zole, and 2-tribromomethylbenzothiazole. 

[0074] Compounds which can be favorably fluorinated in particular are those represented by the formula (1 9): 




wherein Rie is a hydrogen atom or an alkyf group having 1 to 4 carbon atoms, for example, 4-chloro-3,5-bis(trichlorome- 
thyOpyrazole having the formula (20): 




, by thefomriula (21): 
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10 wherein R-17 and R-is are a hydrogen, chlorine or fluorine atonn or a hydroxyl, alkyi or alkoxy group having 1 to 4 carbon 
atoms, aryl or aryloxy group, and can be the same or different, for example, 2,4-dichloro-5-trichloromethylpyrimldine 
having the formula (22): 



15 



20 




(22) 



and further by the formula(23): 



25 



30 




wherein R^g and R20 are a hydrogen atom or alky! group having 1 to 4 carbon atoms and can be the same or different, 
35 for example, ethyl 1 -methyi-3-trichloromethyfpyrazole-4-carboxylate having the formula (24): 




45 



[0075] As illustrated above, these compounds represented by the formula (1 7) can be respectively converted to the 

corresponding fluorine compounds represented by the formula (18). 
50 [0076] The fluorination agent is used in an amount containing usually 1 equivalent or more, preferably 2 to 1 0 equiv- 
alents of hydrogen fluoride for 1 halogen atom to be substituted. 

[0077] When a solvent is used for the reaction, no particular restriction is imposed upon the solvent as long as the 
solvent does not form complex by interaction with hydrogen fluoride. Preferred solvent includes acetonitrile. dichlo- 
romethane and ethylene dichloride. 
55 [0078] The reaction temperature depends upon the solvent and reactivity of substrate, and is in the range of pref- 
erably -40 to 160 °C, were preferably -20 to 150 °C in view of reaction velocity and stability of the fluorination agent. 
[0079] The halogen exchange reaction of the compounds represented by the formulas (1 5) and (1 7) is a consecu- 
tive reaction. 



17 



BNSDOCID: <EP 1072576A1J_> 



EP 1 072 576 A1 



[0080] The number of fluorine to be introduced can be controlled to 1 to 3 by adjusting the reaction temperature, 
pressure and hydrogen fluoride content of the fluorination agent. 

[0081] In the fluorination reaction of the invention, the fluorination agent is formed by addition of hydrogen fluoride 
to the compound for constituting the hydrogen fluoride containing composition of the invention. Successively a com- 

5 pound to be reacted can be added to the resulting fluorination agent and the fluorine exchange reaction can be carried 
out. That is, the composition can be formed by adding hydrogen fluoride to the compound which is liquid in the standard 
state(25 °C. 1 atmosphere) and has a boiling point of 120 °C or more, or to the compound which is liquid in the standard 
state (25 ''C, 1 atmosphere) and has a boiling point of 120 °C or more and pka of 12 or more at 25 ^C, the compound 
to be fluorinated is charged to the resulting composition, and the fluorination reaction can be carried out 

10 [0082] In the reaction, anhydrous hydrogen fluoride is usually added in such a velocity that short pass of anhydrous 
hydrogen fluoride does not occur and violent exotherm is not accompanied. 

[0083] For example, when the addition amount of anhydrous hydrogen fluoride is appropriately 1 00 g for 50 g of the 
compound which constitutes the hydrogen fluoride containing composition, the addition velocity is usually 1.5 to 3.0 
g/min, preferably 2.0 to 2.5 g/min. However, exotherm is great at the initiation time of anhydrous hydrogen fluoride addi- 
15 tion and thus slow down of addition velocity is required. 

[0084] The addition temperature of anhydrous hydrogen fluoride depends upon the reactivity of the solvent and 
reaction substrate and is in the range of preferably -40 to 100 °C. more preferably -20 to 90 *»C in view of the reaction 
velocity of a successive fluorinating reaction and stability of the fluorination agent. 

[0085] The fluorine compound formed by the fluorinating reaction using the fluorination agent of the invention can 
20 be isolated with ease from the reaction mixture by way of extraction, recrystallization or distillation. 

[0086] After the reaction, the fluorination agent can be recovered consumed amount of hydrogen fluoride is supple- 
mented to the recovered fluorination agent, and the resulting reactivated agent can be used again. 

Example 

25 

[0087] The invention will hereinafter be illustrated further in detail by way of examples. However, these examples 
are not to be consumed to limit the scope of the invention. The concentration of 1 ,3-dimethyl-2-imidazolidinone (DMi) 
in Example 1 was measured by gas chromatography 

[0088] The concentration of fluorine ion was measured by absorptiometry using an alizarin complexon reagent. 
30 [0089] n in DMi • nHF illustrates the molar number of HP for 1 mole of DMi (shall be the same for other com- 
pounds). 

Example 1 

35 Svnthesis of DMi * nHF 

[0090] To a polyethylene vessel equipped with a Teflon exhaust line, 85.61 g (0.750 mol) of DMi was charged, 
stin-ed with cooling to 0 to 5 ^'C, and bubbled 246.12 g (12.300 mol) of anhydrous hydrogen fluoride gas (HF) over 
lOOminutes as a mixture with nitrogen to prepare DMi • nHF (n=16.4). 

40 [0091] The resulting DMi • nHF(n=:1 6.4) was successively maintained at 35 °C with stirring for 2 hours to release 
1 .50 g (0.075 mol) of HF from the reaction system. Equilibrium of DMi • nHF was thus obtained at n=1 6.3. 
[0092] Successively, the reaction mass was stirred at 50 °C for 3 hours to liberate 85.54 g (4.275 mol) of HF out of 
the reaction system. Equilibrium of DMi • nHF was obtained at n=10.6. Thereafter the resulting reaction mass was 
stirred at 80 °C for 6 hours to release 70.54 g (3.525 mol) of HF out of the reaction system. Equilibrium of DMi • nHF 

45 was obtained at n=5.9. 

[0093] Further, the resulting reaction mass was stirred at 100 «C for 6 hours to liberate 30.02 g (1 .500 mol) of HF 
out of the reaction system. Equilibrium of DMi • nHF was obtained at n=3.9. 

[0094] DMi • nHF (n=10.6) was hydrolyzed with alkali and following analytical values were obtained. 





DMi(wt%) 


HF(wt%) 


Calculated 
Found 


35.0 
34.4 


65.0 
63.3 
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^^C-NMR ( 5 . ppm, neat, DMSO d6 reference): 30.4 {s. CH3), 45.4 (s. CHg), 157.2 (s,c=0). 
IR(neat)cm"'': 1653, 1525, 1457, 1427, 1296, 1252, 1036. 771. 
5 Example 2 

Synthesis of TMU > nHF 

[0095] To a polyethylene vessel equipped with a Teflon exhaust line, 80.50 g (0.693 mole) of 1,1 .S.S-tetramethylu- 
TO rea was charged, stirred with cooling to 0 to 5 °C, and bubbled 269.01 g (13.444 mol) of anhydrous hydrogen fluoride 
gas (HF) over 130 minutes as a mixture with nitrogen to prepare TMU • nHF (n=1 9.4). 

[0096] The resulting TMU • nHF (n=1 9.4) was successively maintained at 35 with stirring for 6 hours to release 
4.16 g (0.208 mol) of HF from the reaction system. Equilibrium of TMU • nHF was obtained at n=1 9.1 . 
[0097] Thereafter, TMU • nHF (n=19.1) thus obtained was stirred at 50 **C for 6 hours to liberate 99.83 g (4.989 
15 mol) of HF out of the reaction system. Equilibrium of TMU • nHF was obtained at n=1 1,9. 

Example 3 

Synthesis of DBi * nHF 

20 

[0098] To a polyethylene vessel equipped with a Teflon exhaust line, 60.39 g (0.305 mole) of 1 .3-di-n-butyl-2-imida- 
zolidinone (DBi) was charged, stirred with cooling to 0 to 5 ®C, and bubbled 96.43 g (4.81 9 mol) of anhydrous hydrogen 
fluoride gas (HF) over 90 minutes as a mixture with nitrogen to prepare DBi • nHF (n=15.8). 

[0099] Successively, the resulting DBi • nHF (n=1 5.8) was stirred at 35 ""C for 6 hours to release 0.60 g (0.030 mol) 
25 of HF out of the reaction system. Equilibrium of DBi • nHF was obtained at n=15,7. 

[0100] Thereafter, DBi • nHF (n=15.7) thus obtained was stirred at 50 °C for 12 hours to liberate 37.24 g (1.861 
mol) of HF out of the reaction system. Equilibrium of DBi • nHF was obtained at n=9.6. 

Example 4 

30 

Synthesis of DM PU * nHF 

[0101] To a polyethylene vessel equipped with a Teflon exhaust tine, 64.09 g (0.500 mol) of N,N'-dtmethylpropyie- 

neurea (DMPU) was charged, stin-ed with cooling to 0 to 5 '^C, and bubbled 1 99.82 g (9.986 mol) of anhydrous hydrogen 
35 fluoride gas (HF) over 80 minutes as a mixture with nitrogen to prepare DMPU • nHF (n=20.0). 

[0102] Successively, thus obtained DMPU • nHF (n=20.0) was stirred at 35 °C for 4 hours to release 0.72 g (0.036 
mol) of HF out of the reaction system. Equilibrium of DMPU • nHF was obtained at n=19.9. 

[0103] Thereafter, the resulting DMPU • nHF (n=19.9) was stirred at 50 ^'C for 6 hours to liberate 72.04 g (3.600 
mol) of HF out of the reaction system. Equilibrium of DMPU • nHF was obtained at n=12.7. 
40 [0104] Further, DMPU • nHF (n=1 2.7) thus obtained was stirred at 80 ^'C for 5 hours to release 61 .03 g (3.050 mol) 
of HF out of the reaction system. Equilibrium of DMPU - nHF was obtained at n=6.6. 

[0105] Moreover, the resultant DMPU • nHF (n=6.6) was stirred at 100 °C for 5 hours to release 12.01 g (0.600 
mol) of HF out of the reaction system. Equilibrium of DMPU • nHF was obtained at n=5.4. 

45 Example 5 

Synthesis of DMF * nHF 

[0106] To a polyethylene vessel equipped with a Teflon exhaust line, 73.10 g (1 .000 mole) of N,N'-dimethylforma- 
50 mide (DMF) was charged, stirred with cooling to 0 to 5 °C, and bubbled 300.19 g (19.000 mol) of anhydrous hydrogen 
fluoride gas (HF) over 150 minutes as a mixture with nitrogen to prepare DMF • nHF (n=19.0). 

[0107] Successively, the resulting DMF • nHF (n=19.0) was stirred at 35 °C for 4 hours to release 8.00 g (0.400 
mol) of HF out of the reaction system. Equilibrium of DMF • nHF was obtained at n=1 8.6. 

[0108] Thereafter, thus obtained DMF • nHF (n=18.6) was stin-ed at 50 °C for 5 hours to liberate 166.08 g (8.300 
55 mol) of HF out of the reaction system. Equilibrium of DMF •nHF was obtained at n=1 0.3. 

[0109] Further, the resultant DMF • nHF was stirred at 80 °C for 5 hours to release 98.05 g (4.900 mol) of HF out 
of the reaction system. Equilibrium of DMF • nHF was obtained at n=5.4. 

[0110] Moreover.DMF • nHF (n=5.4) thus obtained was stirred at 100 **C for 4 hours to liberate 16.01 g(0.800mol) 
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of HF out of the reaction system. Equilibrium of DMF • nHF was obtained at n=4.6. 
Example 6 

5 Synthesis of DMAC - nHF 

[0111] To a polyethylene vessel equipped with a Teflon exhaust line. 43.56 g (0.500 mole) of N,N-dimethylaceta- 
mide (DMAC) was charged, stirred with cooling to 0 to 5 °C, and bubbled 203.1 0 g (1 0.150 mol) of anhydrous hydrogen 
fluoride gas (HF) over 80 minutes as a mixture with nitrogen to prepare DMAC • nHF {n=20.3). 
10 [0112] Successively, DMAC • nHF (n=20.3) thus obtained was stirred at 35 °C for 6 hours to release 1 .00 g (0.050 
mol) of HF out of the reaction system. Equilibrium of DMAC • nHF was obtained at n=20.2. 

[0113] Thereafter, the resultant DMAC • nHF (n=20.2) was stin-ed at 50 *»C for 6 hours to liberate 81.04 g (4.050 
mol) of HF out of the reaction system. Equilibrium of DMAC • nHF was obtained at n=1 2. 1 . 

[0114] Further, DMAC • nHF (n=1 2.1) thus obtained was stirred at 80 °C for 5 hours to liberate 59.03 g (2.950 mol) 
15 of HF out of the reaction system. Equilibrium of DMAC • nHF was obtained at n=6.2. 

[0115] Moreover, the resultant DMAC • nHF (n=6.2) thus obtained was stin-ed at 100 °C for 5 hours to release 
1 3.01 g (0.650 mol) of HF out of the reaction system. Equilibrium of DMAC • nHF was obtained at n=4.9. 

Example 7 

20 

Synthesis of NMP * nHP 

[0116] To a polyethylene vessel equipped with a Teflon exhaust line. 49.57 g (0.500 mo!) of 1 -methyl-2-pyrrolidi- 
none (NMP) was charged, stirred with cooling to 0 to 5 °C, and bubbled 208.1 0 g (1 0.400 mol) of anhydrous hydrogen 
25 fluoride gas (HF) over 90 minutes as a mixture with nitrogen to prepare NMP • nHF (n=20,8). 

[01 1 7] Successively, thus obtained NMP • nHF (n=20.8) was stirred at 35 «C for 6 hours to release 4.00 g (0.200 
mol) of HF out of the reaction system. Equilibrium of NMP • nHF was obtained at n=20,4. 

[0118] Thereafter, the resuftant NMP • nHF (n=20,4) was stirred at 50 «C for 6 hours to liberate 79.04 g (3.950 mol) 
of HF out of the reaction system. Equilibrium of NMP • nHF was obtained at n=12.5. 
30 [0119] Further, NMP • nHF (n=1 2.5) thus obtained was stirred at 80 **C for 5 hours to release 66.03 g (3.300 mol) 
of HF out of the reaction system. Equilibrium of NMP • nHF was obtained at n=5.9. 

[0120] Moreover, the resulting NMP • nHF (n=5.9) was stirred at 1 00 »C for 6 hours to liberate 1 6.01 g (0.800 mol) 
of HF out of the reaction system. Equilibrium of NMP • nHF was obtained at n=4.3. 

35 Example 8 

Synthesis of diet hviene glycol dimethyl ether • nHF 

[0121] To a polyethylene vessel equipped with a Teflon exhaust line, 67.09 g (0.500 mole) of diethylene glycol dime- 
40 thyl ether (Diglyme) was charged, stirred with cooling to 0 to 5 ^C. and bubbled 199.10 g (9.950 mol) of anhydrous 

hydrogen fluoride gas (HF) over 80 minutes as a mixture with nitrogen to prepare_Diglyme • nHF (n=1 9.9). 

[0122] Successively. Diglyme • nHF (n=19.9) thus obtained was stirred at 35 °C for 4 hours to release 2.00 g 

(0.1 00 mol) of HF out of the reaction system. Equilibrium of Diglyme • nHF was obtained at n=1 9.7. 

[0123] Thereafter, the resultant Diglyme • nHF (n=1 9.7) was stirred at 50 °C for 6 hours to liberate 78.04 g (3.900 
45 mol) of HF out of the reaction system. Equilibrium of Diglyme • nHF was obtained at n=1 1 .9. 

[0124] Moreover, thus obtained Diglyme • nHF (n=1 1 .9) was stirred at 80 '^C for 5 hours to release 75.04 g (3.750 

mol) of HF out of the reaction system. Equilibrium of Diglyme • nHF was obtained at n=4.4. 

[0125] Further, the resultant Diglyme • nHF (n=4.4) was stirred at 1 00 °C for 4 hours to liberate 33.02 g (1 .650 mol) 
of HF out of the reaction system. Equilibrium of Diglyme • nHF was obtained at n=1 1 

50 

Example 9 

Synthesis of n-butyl acetate * nHF 

55 [0126] To a polyethylene vessel equipped with a Teflon exhaust line. 24.97 g (0.215 mole) of n-butyl acetate 
(AcOnBu) was charged, stirred with cooling to 0 to 5 °C. and bubbled 84.76 g (4.236 mol) of anhydrous hydrogen fluo- 
ride gas (HF) over 50 minutes as a mixture with nitrogen to prepare AcOnBu • nHF (n=19.7). 

[0127] Successively, thus obtained AcOnBu • nHF (n=19.7) was stirred at 35 °C for 5 hours to release 26.25 g 
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(1 .312 mol) of HF out of the reaction system. Equilibrium of AcOnBu • nHF was obtained at n=13.6. 

[0128] Thereafter, the resulting AcOnBu • nHF (n=13.6) was stirred at 50 ^'C for 5 hours to liberate 38.72 g (1.935 

mol) of HF out of the reaction system. Equilibrium of AcOnBu • nHF was obtained at n=4.6. 

[0129] Further, AcOnBu • nHF (n=4.6) thus obtained was stirred at 80 °C for 4 hours to liberate 13.77 g (0.688 mol) 
5 of HF out of the reaction system. Equilibrium of AcOnBu • nHF was obtained at n=1 A. 

[0130] Moreover, the resultant AcOnBu • nHF (n=1.4) was stirred at 100 °C for3 hours to release 2.16 g (0.108 
mol) of HF out of the reaction system. Equilibrium of AcOnBu • nHF was obtained at n=0.9. 

Example 10 

10 

Synthesis of HMPA * nHF 

[0131] To a polyethylene vessel equipped with a Teflon exhaust line, 30.46 g (0.170 mol) of hexamethylphospho- 
ramide (HMPA) was charged, stln-ed with cooling, and bubbled 67.69 g (3.383 mol) of anhydrous hydrogen fluoride gas 
15 (HF) over 50 minutes as a mixture with nitrogen to prepare HMPA • nHF (n=1 9.9). 

[0132] Successively, thus obtained HMPA • nHF (n=19.9) was stirred at 35 for 3 hours. However, no liberation 
of HF was found. 

[0133] Thereafter, the composition was stirred at 50 °C for 5 hours to release 0.34 g (0.017 mol) of HF out of the 
reaction system. Equilibrium of HMPA • nHF was obtained at n=19.8. 
20 [0134] Further, HMPA • nHF (n=1 9.8) thus obtained was heated at 80 °C for 4 hours to liberate 1.70 g (0.085 mol) 
of HF out of the reaction system. Equilibrium of HMPA • nHF was obtained at n=19.3. 

[0135] Moreover, the resulting HMPA • nHF {n=1 9.3) was stirred at 1 00 °C for 4 hours to release 3.74 g (0.187 mol) 
of HF out of the reaction system. Equilibrium of HMPA • nHF was obtained at n=18.2. Example 1 1 

25 Synthesis of benzotrifluoride 

[0136] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 °C, 8.89 g (327.5 m 
mol as HF) of DMi • 16HF and 3.99 g (20.4 m mol) of benzotrichloride were charged, and reacted at 30 °C for 6 hours. 
After finishing the reaction, the reaction mixture was analyzed by gas chromatography As a result, the conversion ratio 
30 of benzotrichloride was 1 00 %, the yield of benzotrifluoride was 77.2 %, and the yield of (chiorodifluoromethyl)benzene 
was 22.8 %. The reaction mixture was successively reacted at 50 **C for 6 hours. Benzotrifluoride was obtained in the 
yield of 99.8 %. 

Example 12 

35 

Synthesis of benzotrifluoride 

[0137] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 °C, 10.08 g (327.5 m 
mol as HF) of DMi • 10.6HF and 2.31 g (11.8 m mol) of benzotrichloride were charged and reacted at 50 ^'C for 6 hours. 
40 After finishing the reaction, the reaction mixture was analyzed by gas chromatography As a result, the conversion ratio 
of benzotrichloride was 1 00 %. the yield of benzotrifluoride was 87.4 %, and the yield of (chlorodifluoromethyl)benzene 
was 12.6 %. 

Example 13 

45 

Synthesis of (c hlrordrfluoromethynbenzene 

[0138] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 °C, 75.2 g (2.795 mol 
as HF) of DMi • 16.4HF and 127.1 g (0.650 mol) of benzotrichloride were charged, and reacted at 30 **Cfor 10 hours. 
50 After finishing the reaction, the reaction mixture was analyzed by gas chromatography As a result, the conversion ratio 
of benzotrichloride was 95.0%. the yield of benzotrifluoride was 4.7 %. the yield of (chlorx)difluoromethyI)benzene was 
65.9 % and the yield of (dichlorofluoromethyl)benzene was 24.4 %. 

Example 14 

55 

Synthesis Qf(dichlorofluoromethyhbenzene 

[0139] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 ^'C, 80.3 g (104.4 m 
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mol as HF) of DMi • 2HF and 4.79 g (24.5 m mot) of benzotrichloride were charged and reacted at 80 ®C for 36 hours. 

After finishing the reaction, the reaction mixture was analyzed by gas chromatography. As a result, the conversion ratio 
of benzotrichloride was 77.6 %, the yield of (chlorod!fluoromethyl)benzene was 10.6 %, and the yield of (dichlorofluor- 
omethyl)benzene was 67.0 %. 

5 

Example 15 

Synthesis of (trichloromethoxy) benzene 

10 [0140] To a Teflon internal of a SUS sealed container, 1 .00 g (4.7 m mol) of (tridhloromethoxy)benzene and 2.04 g 
(75.2 m mol as HF) of DMi • 1 6HF were charged and stirred at 1 20 "^C for 3 hours. After finishing the reaction, the reac- 
tion mixture was neutralized with a saturated aqueous sodium hydrogen carbonate solution and extracted with 50 ml of 
methylene chloride. The extracted organic layer was washed twice with 100 ml of water, and dried over anhydrous 
sodium sulfate. After drying, anhydrous sodium sulfate was filtered off and filtrate was analyzed by gas chromatognaphy. 

15 As a result, the conversion ratio of (trichloromethoxy)benzene was 1 00 % and the yield of {trifluoromethoxy)ben2ene 
was 99.8 %. 

Example 16 

20 Synthesis of benzotrifiuoride 

[0141] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 **C, 8.96 g (320.0 m 
mol as HF) of DMPU • 16HF and 3.91 g (20.0 m mol) of benzotrichloride were charged and reacted at 30 °C for 6 hours 
and 50 °C for 6 hours. After finishing the reaction, the reaction mixture was analyzed by gas chromatography. As a 
25 result, the conversion ratio of benzotrichloride was 100 %, the yield of benzotrifiuoride was 98.5 %, and the yield of 
(chlorodifluoromethyl)benzene was 1 .5 %. 

Example 1 7 

30 Synthesis of benzotrifiuoride 

[0142] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 °C, 7.86 g (320.0 m 
mol as HF) of DMF • 1 6HF and 3.93 g (20.1 m mol) of benzotrichloride were charged and reacted at 30 °C for 6 hours 
and 50 for 6 hours After finishing the reaction, the reaction mixture was analyzed by gas chromatography. As a 
35 result, the conversion ratio of benzotrichloride was 100 %, the yield of benzotrifiuoride was 99.8 %. 

Example 1 8 

Synthesis of benzotrifiuoride 

40 

[0143] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -1 5 **C, 18.62 g (655.7 m 
mol as HF) of Diglyme * 16HF and 7.94 g (40.6 m mol) of benzotrichloride were charged, and reacted at 30 °C for 6 
hours and 50 for 6 hours After finishing the reaction, the reaction mixture was analyzed by gas chromatography. As 
a result, the conversion ratio of benzotrichloride was 100 %, the yield of benzotrifiuoride was 96.7 %, and the yield of 
45 (chlorodifiuoromethyl)benzene was 3.3 %.. 

Example 19 

Synthesis of benzotrifiuoride 

50 

[0144] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 ^'C, 8.07 g (295.9 m 
mol as HF) of AcOnBu • 16HF and 3.62 g (18.5 m mol) of benzotrichloride were charged, and reacted at 30 °C for 6 
hours and 50 for 6 hours. After finishing the reaction, the reaction mixture was analyzed by gas chromatography. As 
a result, the conversion ratio of benzotrichloride was 100 % and the yield of benzotrifiuoride was 99.8 %. 

55 
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Example 20 

Synthesis of benzotrifiuoride 

5 [0145] To a polyethylene vessel equipped with a Teflon exhaust line which was cooled to -15 °C, 8.14 g (280.6 m 
nnol as HF) of HMPA • 1 9.9HF and 3.44 g (17.6 nn mol) of benzotrichloride were charged and reacted at 30 °C for 6 
hours and at 50 ''C for 6 hours After finishing the reaction, the reaction mixture was analyzed by gas chromatography. 
As a result, the conversion ratio of benzotrichloride was 89.4 %, the yield of benzotrifiuoride was 5,2 %, the yield of 
(chlorodifluoromethyObenzene was 59.0 % and the yield of (dichlorofluoromethyl)benzene was 25.2 %. 

10 

Example 21 

Synthesis of 4-chloro-3.5-bis(trifluQromethyl)pyra2ole 

15 [0146] To an internal Teflon vessel of BUS sealed container, 25.43 g (959.93 m mol as HF) of DMi • 17.6HF and 
4-chloro-3,5-bis(trichloromethyl) pyrazole were charged and heated in an oil bath for 1 6 hours with electromagnetic stir- 
ring to carry out a halogen exchange reaction. After finishing the reaction, the reaction mixture was analyzed by GC- 
MS. As a result, disappearance of the raw material peak and formation of a peak of the mass number 238 were con- 
firmed. The reaction mixture was extracted with diethyl ether, the solvent was removed, and the remained yellow brown 

20 oil was distilled to obtain a colorless crystal was analyzed to identify 4-chloro-3,5-bis(trifluoromethyl)pyrazole- 



25 



Elementary analyses (wet %) 




F 


CI 


C 


H 


N 


Calculated(wt%) 
Found(wt%) 


47.79 
46.5 


14.86 
14.46 


25,18 
26.11 


0.42 
0.69 


11.75 
12.24 



30 



^^C-NMR (5 , ppm. CDCI3 solvent, CDCI3 reference. 25 °C); 109.7, 1 15.2, 1 17.9, 120.5, 123.2, 135.5, 135.8, 136.2, 
136.6 

35 

Coupling constant : J{C-F) : 270. 25 Hz J(C-C-F): 38.61 Hz 
^H-NMR (5 , ppm, CDCI3 solvent, CDCI3 reference. 25 *»C); 8 to 1 0 (N-H) 
40 Example 22 

Synthesis of 2.4-dichloro-5-trifluoromethylpyrimidine 

[0147] To an internal Teflon vessel of SUS sealed container, 1.0 g (3.8 m mol) of 2,4-dichloro-trichloromethylpyrimi- 
45 dine and 6.0 g (220.8 m mol as HF) of DMi • 1 6HF were charged and stin-ed at 120 °C for 3 hours. A saturated aqueous 
sodium hydrogen carbonate solution added to the resulting reaction mixture and analyzed by GC-MS. 2,4-Dichloro-6- 
trifluoromethylpyrlmidine was obtained. 

Mass spectrum (El) : m/z=216(M+. 100%), 181(M+-CI, 70%), 69(CF3+, 46 %). 

50 

Example 23 

Synthesis of ethyl 1"methvl-3-trifluoromethvipyrazole-4-carboxvlate 

55 [0148] To an internal Teflon vessel of SUS sealed container, 4.0 g (1 4.7 m mol) of ethyl 1 -methyl-3-trichloromethyl- 
pyrazole-4-carboxylate and 0.4 g (235 m mol as HF) were charged and stirred at 120 °C for 19 hours. The reaction mix- 
ture was neutralized with 200 ml of saturated aqueous sodium hydrogen carbonate solution and extracted with 1 00 ml 
of ethyl acetate. 
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[01 49] The extracted organic layer was washed twice with 1 00 mi of water and dried over 1 0 g of anhydrous sodium 
sulfate. After drying, anhydrous sodium was filtered off and the filtrate was concentrated under reduced pressure to 
obtain 32. g (14.4 m mol) of ethyl 1-methyl-3-trifluoromethylpyra2ole-4-carboxylate as a yellow crystal. The yield was 98 
%. 

Melting point: 61 .5 to 63.1 ^C. 

^H-NMR (CDCIg/TIVIS; 5 ppm) : 1 .35 (3H, t, J=7.0 Hz, 3.97 (3H, s), 4.30 (2H, q, J=7,0 Hz), 7.95 (1 H s), Mass spec- 
trum : 223 (M"^). 

Possibility for use in industry 

[0150] The hydrogen fluoride containing composition of the invention is safe, can be handled with ease, and serves 
a useful function as a fluorination agent having similar reactivity to hydrogen fluoride and other chemical reagents. The 
improved type HF-like fluorination agent is extremely useful for production of fluorine containing composition in industry. 
[0151] That is, on applying the composition to a fluorination agent in industry, the composition does not require spe- 
cific equipment or technique and can be used with safety and ease. 

[0152] Conventionally, various fluorination agents have been developed In order to prepare fluorine-containing 
compounds. 

[0153] However, these conventional fluorination agents have problems in industry due to specific factors. On the 
other hand, the fluorination agent of the invention can be used in industry as a fluorination agent which can preclude 
these problems and thus has extremely great possibility for industrial utilization. 



1. A hydrogen fluoride containing composition comprising hydrogen fluoride and a compound which is liquid in the 
standard state {25 **C, 1 atmosphere) and has a boiling point of 120 **C or more. 

2. A hydrogen fluoride containing composition comprising hydrogen fluoride and a compound which is liquid in the 
standard state (25 "C, 1 atmosphere) and has a boiling point of 120 ^'C or more and pka of 12 or more at 25 **C. 

3. A hydrogen fluoride containing composition comprising hydrogen fluoride and a compound which is liquid in the 
standard state (25 °C, 1 atmosphere) and has a boiling point of 120 ""C or more and pka of 12 or more at 25 and 
comprising 7 mol or more hydrogen fluoride for 1 mol of the compound. 

4. A hydrogen fluoride containing composition according to one of claim 1 to claim 3 wherein the composition com- 
prises hydrogen fluoride and the compound represented by the formula (1): 



wherein to R4 are a substituted or unsubstituted alkyi or aryl group and can be the same or different, and R-j and 
R2 or R3 and R4 can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero atom, or R-i 
and R3 can bond to form a ring having a nitrogen atom or a nitrogen atom or other hetero atom, 

5. A hydrogen fluoride containing composition according to claim 4 wherein the composition comprises hydrogen flu- 
oride and the compound represented by the formula (2): 



Claims 





o 
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HgC CH3 

il 

O 



10 



6- A hydrogen fluoride containing composrtion according to claim 4 wherein the composition comprises hydrogen flu- 
oride and the compound represented by the formula (3): 

IS 

O 

25 

Wherein n is an integer of 2 to 3, and R5 and Rg are a substituted or unsubstituted alkyi group having 1 to 6 carbon 
atoms and can be the same or different. 

7. A hydrogen fluoride containing composition according to claim 4 wherein the composition comprises hydrogen flu- 
30 oride and the compound having the formula (4): 

HsC-^^ ^-CHs (4) 

n 



8. A hydrogen fluoride containing composition according to claim 4 wherein the composition comprises hydrogen flu- 
oride and the compound having the formula (5): 

45 



50 



55 




H3C— ^N-CH3 

9. A hydrogen fluoride containing composition according to one of claim 1 to 3 wherein the compound comprises 
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hydrogen fluoride and a compound represented by the formula (6): 



wherein Ry and Rg are a substituted or unsubstituted alkyi or aryl group, R9 is a hydrogen atom or a substituted or 
unsubstituted alkyI or aryl group, these groups can be the same or different, and R7 and Rg can bond to form cyclic 
75 amide, 

10. A hydrogen fluoride containing composition according to claim 9 wherein the composition comprises hydrogen flu- 
oride and the compound having the formula (7): 

H3C 

II 
O 



30 11 , A hydrogen fluoride containing composition according to claim 9 wherein the composition comprises hydrogen flu- 
oride and the compound having the formula (8): 

H3C 



35 



40 



/N. .CH3 (8) 

II 
O 



45 12. A hydrogen fluoride containing composition according to claim 9 wherein the composition comprises hydrogen flu- 
oride and the compound having the formula (9): 
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13. A hydrogen fluoride containing composition according to one of claim 1 to clainn 3 wherein the composition com- 
prises hydrogen fluoride and a compound represented by the formula (10): 

Rio— O— Rii (10) 

5 

wherein R^q and ^ are a substituted or unsubstituted alkyl or aryl group, and can be the same or different, and 
R-io and R^^ can bond to form cyclic ether. 

14. A hydrogen fluoride containing composition according to claim 13 wherein the composition comprises hydrogen flu- 
10 oride and the compound having the formula (11): 

(CH30CH2CH2)20 (11) 

15. A hydrogen fluoride containing composition according to one of claim 1 to 3 wherein the composition comprises 
15 hydrogen fluoride and a compound represented by the formula (1 2): 

Ri2 ORi3 (12) 

\ 
il 

o 

25 

wherein R^2 and R^3 are a substituted or unsubstituted alkyl or aryl group, and be the same or different, R^g and 
Ri3 can bond to form cyclic ester. 

16. A hydrogen fluoride containing composition according to claim 15 wherein the composition comprises hydrogen flu- 
30 oride and the compound having the formula (13): 

HjC ^OCHsCHaCHjCHa (13) 

ir 

o 

40 

17. A hydrogen fluoride containing composition comprising hydrogen fluoride and the compound having the formula 
(14): 

45 

N{CH3), 

I (14) 
(HjOzN ^N{CH3)2 

O 



55 



18. A fluorination agent comprising hydrogen fluoride and a compound which is liquid in the standard state (25 °C, 1 
atmosphere) and has a boiling point of 120 ""C or more. 
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19. A fluorination agent comprising hydrogen fluoride and a compound which Is liquid in the standard state (25 ®C, 1 
atmosphere) and has a boiling point of 120**C or more and pka of 12 or more at 25 ^'C. 

20. A fluorination agent comprising hydrogen fluoride and a compound which Is liquid In the standard state (25 °C, 1 
atmosphere) and has a boiling point of 120 ""C or more and pka of 12 or more at 25 °C, and comprising 7 mol or 
more hydrogen fluoride for 1 mol of the compound. 

21 . A fluorination agent according to one of claim 1 8 to claim 20 comprising hydrogen fluoride and a compound repre- 
sented by the formula (l): 

o 

wherein to R4 are a substituted or unsubstituted alkyl or aryl group and can be the same or different, and Ri and 
R2 or R3 and R4 can bond to form a ring having a nitrogen atom or a nitrogen atom and other hetero atom, or R^ 
and R3 can bond to form a ring having a nitrogen atom or a nitrogen atom or other hetero atom. 

25 22. A fluorination agent according to claim 21 comprising hydrogen fluoride and the compound having the formula (2): 

H3C . CH3 

o 

35 



20 



23. A fluorination agent according to claim 21 , comprising hydrogen fluoride and a compound represented by the for- 
40 mula (3): 



SO 

wherein a is an integer of 2 to 3, and R5 and Rg are a substituted or unsubstituted alkyl group having 1 to 6 carbon 
atoms and can be the same or different. 

24. A fluorination agent according to claim 21 , comprising hydrogen fluoride and the compound having the formula (4): 

55 
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H3C-^>^ (4) 

li 

O 



10 



25. A fluorination agent according to one of claim 1 8 to claim 20, comprising liydrogen fluoride and the compound hav- 
ing the formula (5): 

15 



^0 H3C— (5) 



25 

26. A fluorination agent according to one of claim 18 to claim 20, comprising hydrogen fluoride and a compound rep- 
resented by the formula (6): 

30 



O 



wherein R7 and Rg are a substituted or unsubstituted alky! or aryl group, Rg is a hydrogen atom or a substituted or 
40 unsubstituted alkyi or aryl group and can be the same or different, and R7 and Rg can bond to form cyclic amide. 

27. A fluorination agent according to claim 26, comprising hydrogen fluoride and the compound having the formula (7): 

II 

50 O 



55 28. A fluorination agent according to claim 26, comprising hydrogen fluoride and the compound having the formula (8): 
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C 



(8) 



29. A fluorination agent according to claim 26, comprising hydrogen fluoride and the compound having the formula (9): 



r~\ 

H3C— ^ 



?{ 
O 



25 

30. A fluorination agent according to one of claim 18 to claim 20, comprising hydrogen fluoride and a compound rep- 
resented by the formula (10): 

(10) 

30 

wherein R^q ^re a substituted or unsubstituted alkyi or aryl group and can be the same or different, and 

R1 0 and R1 1 can bond to form cyclic ether. 

31. A fluorination agent according to daim 30, comprising hydrogen fluoride and the compound having the fonmula 

35 (11): 

(CH30CH2CH2)20 (11) 

32. A fluorination agent according to one of claim 18 to claim 20, comprising hydrogen fluoride and a compound rep- 
40 resented by the formula (12): 



so 



55 



PRu (12) 

II 

O 

wherein R12 and are a substituted or unsubstituted alkyl or aryl group and can be the same or different, and 
R12 and R13 can bond to form cyclic ester. 

33. A fluorination agent according to claim 32 comprising hydrogen fluoride and the compound having the formula (1 3): 
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HgC OCH2CH2CH2CH3 (13) 

c 

If 

o 



10 



34. A fluorination agent comprising hydrogen fluoride and the connpound having the formula (14): 

N{CH3)'> 

(HjQjN ^P— N(CH3). 

20 O 



25 35. A preparation process comprising reacting the fluorination agent according to one of claim 18 to claim 20. with a 
compound represented by the formula (15): 

Rl4[C(Xi)3]m (15) 

30 wherein R^4 is a substituted or unsubstituted alkyi, alkoxy, aryl or aryloxy group, and is a hydrogen, fluorine, 
chlorine, bromine or iodine atom and can be the same or different except three are simultaneously hydrogen or 
fluorine atom and three X^ consist of hydrogen and fluorine atom alone, and m is an integer of 1 to 6, to obtain a 
fluorine compound represented by the formula (16): 

35 Rl4[CFn(X2)3-n]m (16) 

wherein R14 is a substituted or unsubstituted alkyI, alkoxy, aryl or alkoxy group, and X2 is a hydrogen, chlorine, bro- 
mine or Iodine atom and can be the same or different, and n is an integer of 1 to 3 and n is an integer 1 to 6. 

40 36. A preparation process of a fluorine compound according to claim 35, comprising using the fluorination agent 
according to claim 21 . 

37. A preparation process of a fluorine compound according to claim 35, comprising using the fluorination agent 
according to claim 24. 



45 



50 



55 



38. A preparation process comprising reacting the fluorination agent according to one of claim 18 to claim 20, with a 
heterocyclic aromatic compound represented by the formula (17): 

Ri5[C(X,)3]m (17) 

wherein R^g is a substituted or unsubstituted heterocyclic aromatic group, and X^ is a hydrogen, fluorine, chlorine, 
bromine or iodine atom and can be the same or different except three X^ are simultaneously hydrogen or fluorine 
atoms and three X-i consist of hydrogen and fluorine atom alone, and m is an integer of 1 to 9, to obtain a fluorine 
containing heterocyclic aromatic compound represented by the fomriula (1 8): 

Rl5[CFn(X2)3-n]n, (18) 
wherein R-,5 is a substituted or unsubstituted heterocyclic aromatic group, and X^ is a hydrogen, fluorine, chlorine, 
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bromine or iodine atom and can be the same or different, and n is an integer of 1 to 3 and m is an integer of 1 to 9. 

39. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
heterocyclic aromatic compound represented by the formula (17) is a cyclic compound having 1 to 4 elements of 

5 one or more species selected from the group consisting of nitrogen, oxygen and sulfur. 

40. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
heterocyclic aromatic compound represented by the formula (17) is a heterocyclic aromatic compound having a 
ring selected from turan, thiophene, pyrrole, pyrazole, imidazole, isoxazole, thiazole, thiadiazole, pyridine, pyri- 

10 dazine, pyrlmidine, pyrazine, triazine, benzofurane, indole, thlanaphthene, benzimidazole, benzoxazole, benzothi- 

azole, benzotriazole, purine, quinoline, isoquinoline, cinnollne, quinoxaline, dibenzothlophene. acridine and 
phenanthroline. 

41. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
15 heterocyclic aromatic compound represented by the formula (1 7) is a compound represented by the formula (19): 



cue , _ 



25 

wherein R^q is a hydrogen atom or an alkyi group having 1 to 4 carbon atoms. 

42. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
30 heterocyclic aromatic compound represented by the formula (1 7) is 4-chloro-3,5-bis(trichloromethyl) pyrazole hav- 
ing the formula (20): 



35 





(20) 



43. A preparation process of a fluorine containing heterocyclic aromatic compound according to one of claim 38 to 
claim 42 wherein the fluorination agent according to claim 21 is used. 

50 44. A preparation process of a fluorine containing heterocyclic aromatic compound according to one of claim 38 to 
claim 42 wherein the fluorination agent according to claim 24 is used. 

45. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
heterocyclic aromatic compound represented by the formula (17) is a compound represented by the formula (21 ): 

55 
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5 




10 

wherein R-,7 and R^q are a hydrogen, chlorine, fluorine atom, a hydroxyl. alkyi having 1 to 4 carbon atoms, alkoxy. 
aryl or aryloxy group, and can be the same or different. 

46. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
15 heterocyclic aromatic compound represented by the formula (1 7) is 2,4-dichloro-5-trichloromethylpyrimidine having 

the fonnula (22): 



a 




47. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 45 or claim 46 
30 wherein the fluorination agent according to claim 21 is used. 

48. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 45 or claim 46 
wherein the fluorination agent according to claim 24 is used. 

35 49- A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
heterocyclic aromatic compound represented by the formula (17) Is a compound represented by the formula (23): 



40 




Rl9 



wherein R^g and R20 are a hydrogen atom or alkyI group having 1 to 4 cariDon atoms, and can be the same or dif- 
50 ferent. 

50. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 38 wherein the 
heterocyclic aromatic compound represented by the fonnula (17) is ethyl 1-methyl-3-trichloromrthylpyrazole - 4- 
cari^oxylate having the formula (24): 

55 
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15 

51. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 49 or claim 50 
wherem the fiuorination agent according to claim 21 is used. 

52. A preparation process of a fluorine containing heterocyclic aromatic compound according to claim 49 or claim 50 
20 wherein the fiuorination agent according to claim 24 is used. 



25 
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